Background: We sought to assess the prognostic significance of lymph node ratio (LNR) and N stage in patients undergoing D2 gastrectomy and adjuvant chemotherapy, S-1, and XELOX and to compare the efficacy of them according to LNRs and N stages to evaluate the clinical impact of using LNRs compared with using N staging.
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Conclusions: LNR showed better prognostic value than N staging. LNR3, N3 and stage IIIC groups showed the superior efficacy of XELOX to that of S-1. And the LNR3 group within N3 patients showed more survival benefit from XELOX. LNR > 0.25, N3 stage and stage IIIC were the discriminant factors for selecting XELOX over S-1.
Trial registration: Not applicable (retrospective study).
Keywords: Tegafur, Capecitabine, Oxaliplatin, Gastric cancer, Lymph node ratios, N stage, Propensity score matching Background Gastric cancer is the fifth most common cancer and the third leading cause of cancer death worldwide, accounting for over 1,000,000 newly diagnosed cancer patients and over 783,000 cancer-related deaths annually [1] . Radical gastrectomy with extended lymphadenectomy (D2 gastrectomy) is the standard of care for gastric cancer in many countries in East Asia [2, 3] . Although the safety and utility of extended lymph node dissection have been debated for a long time in Europe and the US, D2 gastrectomy is recommended based on several trials (especially the Dutch D1D2 study), which showed a reduction in cancer-related deaths with D2 gastrectomy [4] [5] [6] .
However, the recurrence rate of D2 gastrectomy is high. Approximately 40% of patients relapse within 2 years of surgery, necessitating adjuvant treatment [7] [8] [9] . Adjuvant treatments for gastric cancer differ by geographical region. In the UK and other European countries, perioperative chemotherapy is recommended as a standard treatment [10] . In the USA, the recommended adjuvant therapy is postoperative chemoradiation or chemotherapy, depending on the type of lymph node dissection [11] . The evidence of postoperative chemoradiation is based on the UK Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial [12] and the US Intergroup-0116 trial [13] . Both studies assessed the survival benefits of adjuvant therapy after limited dissection of the regional lymph nodes.
The evidence of postoperative chemotherapy is based on two randomised controlled trials that investigated the efficacy of adjuvant chemotherapy after D2 gastrectomy compared to D2 gastrectomy alone in patients with resectable gastric cancer [2, 14] . In the ACTS-GC trial in Japan, patients with Stage II, III gastric cancer were treated with D2 gastrectomy, and showed a hazard ratio (HR) for 5-year overall survival (OS) of 0.669 [95% confidence intervals (CI), 0.540-0.828] in the comparison of 1) surgery and adjuvant chemotherapy treatment with oral fluoropyrimidine S-1 for 1 year versus 2) surgery alone and a 5-year follow-up. In the CLASSIC trial, which took place mainly in South Korea, patients with Stage II, III gastric cancer were treated with D2 gastrectomy, and showed an HR for 3-year disease-free survival (DFS) of 0.56 (95% CI, 0.44-0.72; p < 0.0001) and for OS of 0.72 (95% CI, 0.52-1.00; p = 0.049) in the comparison of 1) adjuvant capecitabine and oxaliplatin for 6 months after D2 gastrectomy versus 2) surgery alone after a median follow-up of 34 months [2, 14] . Despite this evidence, there has been no prospective study that directly compare S-1 and XELOX. Previous studies suggested that XELOX would be more beneficial for more aggressive disease with higher N stage [15, 16] .
In addition to the TNM staging system, the ratio of positive and total examined lymph nodes (lymph node ratio, LNR) has been proposed as a simple and convenient tool for identifying subgroups of gastric cancer patients with similar prognosis. It can also be used to adjust stage migration from current tumour, node, metastasis (TNM) staging of gastric cancer. Cut-off values of 0.1 and 0.25 have been adopted in several studies and have been found to be in good agreement to the N1, N2, and N3 stages of the 6th and 7th UICC/TNM staging system [17] [18] [19] [20] [21] . However, the significance of LNR has not been evaluated for patients with adjuvant chemotherapy after D2 gastrectomy. Furthermore, whether LNR is more accurate prognostic and predictive than N stage is not clear in these patients.
Therefore, we sought to 1) assess the prognostic significance of LNR and N stage in patients undergoing D2 gastrectomy and adjuvant chemotherapy, S-1, and XELOX and 2) assess the efficacy of adjuvant S-1 and XELOX according to LNRs and N stages to evaluate the clinical impact of using LNRs compared with using N staging.
Methods

Patients
We retrospectively investigated the data of 798 patients who underwent curative resection for gastric cancer and diagnosed as stage II or III between Mar 2011 and Dec 2016 at the Catholic University of Seoul St. Mary's hospital. Among these patients, eligible patients (1) were aged 18 years or older, (2) had histologically confirmed gastric adenocarcinoma after radical gastrectomy with D2 lymph node dissection and R0 resection (3) had stage II or III disease (based on the 7th edition of the American Joint Committee on Cancer criteria) and (4) had no prior treatment for cancer other than the initial gastric resection for the primary lesion. After 321 of 798 patients were excluded, 477 met the eligibility criteria and received XELOX or S-1. (Fig. 1) .
Patients in the XELOX group received oral capecitabine (1000 mg/m 2 twice daily (on days 1-14 of each cycle) plus intravenous oxaliplatin (130 mg/m 2 on day 1 of each cycle) every 3 weeks. The duration of XELOX was eight cycles (6 months). Patients in the S-1 group received daily doses of 80 mg, 100 mg or 120 mg of S-1. Those with a body-surface area of less than 1.25 m 2 received 80 mg daily; those with a body-surface area of 1.25 m 2 or more but less than 1.5 m 2 received 100 mg daily; and those with a body-surface area of 1.5 m 2 or more received 120 mg daily. In each six-week cycle, S-1 was administered for 4 weeks, followed by a two-week resting period. The duration of S-1 was eight cycles (12 months).
The Institutional Review Board of the Catholic University of Seoul Saint Mary's Hospital approved the study (KC18RESI0596, KC19RASI0751). Requirement for informed consent was waived because the study was based on retrospective analyses of existing administrative and clinical data.
Follow-up evaluation
Tumour assessments were performed with abdominal computed tomography (CT) or magnetic resonance imaging (MRI) every two or three cycles of treatment with tumour marker; CEA, CA 19-9. After finishing adjuvant chemotherapy, tumour assessments were performed every 6 months for the first 3 years and yearly thereafter. When signs or symptoms indicated a possible recurrence or development of new gastric cancer, additional imaging or biopsies were performed to confirm the presence of malignancy.
Disease-free survival (DFS) was defined as the interval between the time from the curative resection of gastric cancer until the date of disease recurrence at locoregional and/or distant sites, or the date of death from any cause. Overall survival (OS) was measured as the time from the curative resection of the gastric cancer until death from any cause or until the last follow-up date.
Statistical analyses
To directly compare the efficacies of S-1 and XELOX chemotherapies, DFS and OS were determined and 5year DFS and 5-year OS were compared. To minimise the influence of potential confounders on selection bias, propensity score matching (PSM) was performed. The propensity scores were elicited from matched patients at 1:1 ratio using greedy matching algorithms without replacement. Age, sex, ECOG (Eastern Cooperative Oncology Group) performance status, ASA (American Society of Anesthesiologists) score, location of the tumour, stage (based on the 7th AJCC guidelines), T stage, N stage, number of dissected lymph nodes, tumour size, LNR group, differentiation, Lauren classification, lymphovascular invasion, perineural invasion, completion of planned chemotherapy, preoperative CEA and CA 19-9 were used to calculate propensity scores for each patient using logistic regression. Standardized differences were estimated for all covariates before and after matching to assess prematch imbalance and post-match balance.
A Wilcoxon rank sum test for continuous variables or Chi-square test for categorical variables was used to compare the demographics between treatment arms in before PSM data. A Wilcoxon signed rank sum test for continuous variables or Chi-square test for categorical variables was used in matched data. The Kaplan-Meier method was used to estimate cumulative survival. The treatment groups were compared with a two-sided log-rank test. Estimates of treatment effect were calculated with 95% Cis using Cox proportional hazards models.
Univariate and multivariate analysis models of patient and tumour characteristics in association with DFS and OS were based on Cox-proportional hazards regression analyses. P values of less than 0.05 were considered to indicate statistical significance. All 
Results
Clinical characteristics
Of the 477 patients eligible for this study, 331 received S-1 and 146 received XELOX. The median age was 57 years (range 22~79), and the male: female ratio was 326 (68.3%): 151 (31.7%). The median followup duration was 52.3 months. The baseline characteristics of the patients in the two groups are summarised in Table 1 . Before PSM, the two groups differed significantly in age, ECOG performance status, cancer stage (AJCC 7th edition), T stage, N stage, number of dissected lymph nodes, LNR group, tumour size, differentiation, lymphovascular invasion, perineural invasion. The XELOX group had a younger age than the S-1 group (S-1 vs XELOX, median age 58 vs 55 years, p < 0.001). The XELOX group had a smaller number of patients aged more than 65 years than the S-1 group (S-1 vs XELOX, 45.3% vs 28.8%, p = 0.001). The XELOX group had a smaller number of patients with ECOG PS ≥ 1 than the S-1 group (S-1 vs XELOX, 27.2% vs 15.1%, p = 0.004). Compared with the S-1 group, the XELOX group had patients with more advanced T and N stages of gastric cancer (p = 0.001, < 0.001 respectively), had patients with an increased number of dissected lymph nodes (S-1 vs XELOX, median (IQR) 43(35-55) vs 52(39-65), An increased number of patients with tumour size (≥6 cm) was observed in the XELOX group compared to the S-1 group (S-1 vs XELOX, 24.5% vs 43.2%, p < 0.001). The percentage of patients assigned a 'poorly differentiated' histologic grade was also higher in the XELOX group than in the S-1 group (S-1 vs XELOX, 65.6% vs 76.7% p = 0.015).
Lymphovascular invasion and perineural invasion were more significantly more frequently observed in the XELOX group than in the S-1 group (S-1 vs XELOX, 72.8% vs 91.1, 51.4% vs 66.4%, respectively). The rate of chemotherapy completion in the S-1 group showed tendency to be higher than that in the XELOX group (S-1 vs XELOX, 79.2% vs 71.2%, p = 0.059). After PSM, each group was one-to-one matched so that there were 110 patients per group. Each variable was well balanced, without significant difference in terms of absolute standardised difference ( Table 1) .
Univariate and multivariate analyses of DFS and OS in the PSM cohort. (Table 2) Upon univariate analysis of all patients after PSM, age (< 65 vs ≥65), ECOG performance status (0 vs ≥1), N stage (N0,1,2 vs N3), LNR group (LNR0,1,2 vs LNR3), tumour size (≥6 cm), lymphovascular invasion, perineural invasion, and completion of planned chemotherapy were shown as prognostic factors associated with survival. After adjusting for covariates in multivariate analysis, N stage (HR 1.40; 95% CI, 1.09-1.80; p = 0.009), LNR group (HR 1.36; 95% CI, 1.09-1.70; p = 0.006), perineural invasion (HR 2.39; 95% CI, 1.18-4.82; p = 0.015) and completion of planned chemotherapy(HR 0.50; 95% CI, 0.28-0.91; p = 0.023) were shown as independent prognostic factors of survival.
In addition, ECOG performance status (0 vs ≥1), N stage (N0,1,2 vs N3), LNR group (LNR0,1,2 vs LNR3), tumour size (≥6 cm), perineural invasion, completion of planned chemotherapy, and elevated preoperative CA 19-9 were shown as prognostic factors associated with recurrence. After adjusting for covariates in multivariate analysis, N3 stage (HR 1.26; 95% CI, 1.00-1.58; p = 0.049), LNR3 group (HR 1.44; 95% CI, 1.16-1.78; p = 0.001), and completion of planned chemotherapy (HR 0.36; 95% CI, 0.21-0.61; p < 0.001) were shown as independent prognostic factors of recurrence.
Subgroup analysis of the PSM cohort. S-1 vs XELOX
After PSM, OS and DFS were higher in the XELOX group than in the S-1 group, with HR of 0.71 (95% CI 0.40-1.26; p = 0.240) and 0.65 (95% CI 0.39-1.09; p = 0.101). The 5-year DFS rate in the S-1 group versus the XELOX group was 66% versus 74%. The 5-year OS rate in the S-1 vs XELOX groups was 72% versus 77%. Both DFS and OS rates were not significantly different between the two groups. (Table 3 , Fig. 2 ).
Subgroup analysis of the PSM data set revealed that the XELOX group, compared with the S-1 group, showed significantly better 5-year DFS (S-1 vs XELOX, 22% vs 57%, HR 0.32, 95% CI 0.15-0.70; p = 0.004) and better 5-year OS (27% vs 68%, HR 0.32, 95% CI 0.14-0.76; p = 0.009) in stage IIIC patients. All stage III patients showed better DFS and OS in the XELOX group than in the S-1 group, but statistically not significant. (DFS 60% vs 69%, OS 67% vs 73%). (Table 4, When stratified by N stage in the PSM cohort, the XELOX group showed no difference in OS and DFS compared to the S-1 group in the N0, N1, and N2 groups. The N3 group showed significantly better 5-year DFS (38% vs 66%, HR 0.40, 95% CI 0.21-0.75; p = 0.004) and better 5-year OS (47% vs 71%, HR 0.45, 95% CI 0.23-0.87; p = 0.019) in the XELOX group (Table 4 , Fig. 4 , Additional file 2; survival curves of XELOX and S-1 in N1, 2, 3).
When stratified by LNR group, LNR0, 1, 2 showed no significant difference in OS and DFS between the two regimens. The LNR3 group showed significantly better 5-year DFS in the XELOX group (20% vs 54%, HR 0.29, 95% CI 0.13-0.65; p = 0.004). The 5-year OS was also statistically different (26% vs 67%, HR 0.28, 95% CI 0.11-0.71; p = .0.020) ( Table 4 , Fig. 5 , Additional file 3; survival curves of XELOX and S-1 in LNR1, 2, 3).
Discussion
In this study, we analysed clinical impact of LNRs and N stages as prognostic factors and as clinical Perineural invasion was independent prognostic factors for survival consistent with previous studies that showed prognostic factors of gastric cancer [22] . N3, LNR3 and completion of planned chemotherapy showed the prognostic significance for both survival and recurrence.
Nitti et al. proposed a four-tier categorisation for N ratio (0, 1%~9, 10%~25, and > 25%) in gastric cancer, and reported that N ratio was an independent predictor of survival in their series [19] . Marchet et al. deduced the same conclusion with their Italian study [20] . Further, categorisation by N ratio has previously been utilised in clinical trials. Especially, the ARTIST trial compared XPRT with XP, and showed that XPRT was better in patients who had an N ratio of > 25% [23] .
In this study, cut-off values of 0.1 and 0.25 have been adopted for categorizing four tiers of LNRs from Nitti's study. The cut-off value for discriminating LNR3 from others was 0.25, which is similar to the 0.26 value calculated by a maximal chi-square method to identify optimal cutting point to discriminate all the PSM cohort patients into poor-and goodprognosis subgroups in terms of DFS [24] . And all the PSM cohort in this study underwent D2 gastrectomy, with more than 15 lymph nodes were examined (median 51, range 16~124), which is relatively higher than that examined in previous studies that showed prognostic value of LNR [21] . Although LNR is considered to have more prognostic value when the number of examined lymph nodes is less than 15 , several studies showed that LNR has prognostic value regardless of retrieved lymph node and the LNR3 group in this study showed more prognostic value compared to N3 stage in both recurrence and survival in multivariate analysis [25] [26] [27] .
In the N3 group, XELOX showed significant benefit for DFS and OS. This is consistent with the result of the CLASSIC trial and ACT-GC trial. The former showed a greater benefit in patients with node positive disease than in those whose disease was limited to N0, and the latter showed a minimal or no benefit when positive lymph node was equal to or more than three, even though they were deduced from subgroup analysis [2, 14] .
In the PSM cohort, the number of LNR3 patients were 51 (23.2%) and 48 of them classified to the N3 stage. (Table 5 ) When N3 group was divided into two groups; LNR3 group and LNR1,2 group, the XELOX and the S-1 in LNR1,2 group didn't show difference in OS and DFS. However, LNR3 within N3 stage still showed significant survival benefit of the XELOX regimen (5-year DFS 21% vs 55% and 5-year OS 27% vs 68%, Fig. 6 ) This indicated that LNR3 can distinguish patients who can be more beneficial with XELOX regimen from N3 patients. Thus, for selecting XELOX or S-1, LNRs might have more clinical impact than N3 stage. However, its usefulness in patients with limited lymph node evaluation (examined LN ≤ 15) needs to be investigated further.
Additionally, when stratified by stage (AJCC 7th edition) in the subgroup analysis of the PSM cohort, the XELOX group showed better DFS in stage IIIC patients. This result is consistent with that of a previous multi-centred, retrospective PSM study that compared XELOX and S-1. In the study, Kim et. all showed that XELOX was statistically more beneficial than S-1 in terms of 3-year DFS in stage IIIB, IIIC, and all stage III sub-types [15] . However, our study did not show the difference in DFS between the two regimens in stage IIIB and all stage III. The reason is that the sample size was too small to show statistical power. In the study, the 3-year DFS for S-1 vs XELOX in stage IIIB was 65.8% (95% CI, 61.2-70.4) vs 68.6% (95% CI, 55.9-81.3) (p = 0.019), and stage IIIB patients were 126 for S-1 and 48 for XELOX. Such a slim yet statistically significant difference might be explained by the relatively small sample size of this study, which included 33 patients for S-1 and 34 patients for XELOX in stage IIIB. And all stage III patients were 469 for Kim et al.'s study and 173 patients for this study. Furthermore, our study showed that the XELOX group showed significantly better OS in stage IIIC, compared to the S-1 group.
This study had several limitations. Because this study used retrospective, single-centre data, it had the limitation of selection bias. Despite several efforts to reduce selection bias, including using multivariable analyses and PSM, unadjusted bias may have still been present between the two groups. Even though this study included as many clinical variables as possible in propensity matching, unmeasured variables might have still existed, resulting in unadjusted bias. Moreover, this study only included patients with adjuvant chemotherapy. Thus, prognosis of the patients in this study should be interpreted with caution. Furthermore, a relatively small number of stage IIA (7 patients, 3.2% of the PSM cohort) was included in the PSM cohort even though their baseline characteristics were well-balanced after PSM.
Conclusion
In gastric cancer patients underwent D2 gastrectomy with adequate lymph node dissection and adjuvant chemotherapy, LNR showed better prognostic value than N staging. Stage IIIC, LNR3 and N3 groups showed the superior efficacy of XELOX to that of S-1 in terms of DFS and OS. And the LNR3 group within N3 patients showed more survival benefit from XELOX. It suggests that using LNR might be useful for selecting patients for adjuvant chemotherapy regimens. LNR > 0.25, N3 stage and stage IIIC were the discriminant factors for selecting XELOX over S-1.
